During a 13-month period, 11 equine patients visiting a veterinary teaching hospital for various diagnostic and surgical procedures developed postprocedural infections from which methicillin (oxacillin)-resistant Staphylococcus aureus (MRSA) strains were isolated. The S. aureus isolates were identified by conventional methods that included Gram staining, tests for colonial morphology, tests for clumping factor, and tests for coagulase and urease activities and were also tested with the API STAPH IDENT system. Antimicrobial susceptibility tests were performed by the disk diffusion method. The biochemical profile and antibiogram of each isolate suggested that the isolates may have come from a common source. Because MRSA strains are very uncommon animal isolates but are rather common human isolates, a nasal swab specimen for culture was collected voluntarily from five persons associated with equine surgery and recovery in an attempt to identify a possible source of the organisms. MRSA strains were isolated from three of the five people, with one person found to be colonized with two biotypes of MRSA. The MRSA isolates from the people appeared to be identical to the isolates from horses. Further study of the isolates included SmaI and EagI macrorestriction analysis by pulsed-field gel electrophoresis conducted in two different laboratories. The results indicated that both the equine and human isolates were members of a very closely related group which appear to have originated from a common source. On the basis of the pattern associated with the infection, it is speculated that the members of the Veterinary Teaching Hospital staff were the primary source of the infection, although the specific mode of transmission is unclear.
Staphylococcus aureus is a pathogen for numerous animal species and humans. Human isolates of S. aureus, unlike animal isolates, are frequently resistant to the penicillinase-resistant penicillins. Organisms exhibiting this type of resistance are referred to as methicillin (oxacillin)-resistant S. aureus (MRSA). In the 1980s, MRSA emerged as a major clinical and epidemiological pathogen in human hospitals (16) . The seriousness of this problem has been compounded by the fact that these organisms are frequently resistant to most of the commonly used antimicrobial agents, including the aminoglycosides, macrolides, chloramphenicol, and tetracycline. Although initially susceptible to the fluoroquinolones, MRSA strains have rapidly developed widespread resistance to this class of antimicrobial agent (20) . In addition, in accordance with the National Committee for Clinical Laboratory Standards (NC-CLS), MRSA strains should be considered to be resistant to all cephalosporins, cephems, and other ␤-lactams, such as ampicillin-sulbactam, amoxicillin-clavulanic acid, ticarcillin-clavulanic acid, piperacillin-tazobactam, and the carbapenems, regardless of the in vitro test results obtained with those agents (22) . The justification for this is the poor clinical response to those antimicrobial agents by MRSA.
While there are numerous publications on outbreaks of nosocomial infections in human hospitals (1, 4, 6, 7, 10, 11, 14, 15, 18, 19, 24) , there are limited publications on the epidemiological aspects of nosocomial infections in the animal hospital and laboratory setting (3, 13, 17, 28) . Although no reports of a nosocomial spread of an MRSA infection in a veterinary hospital could be found, there have been veterinary reports of MRSA infections in dairy herds with mastitis (8, 9) and in companion animals (5, 17, 28) and of an isolated incident in a horse (13) . This report presents data on the isolation of MRSA from 11 equine patients seen at an active midwestern veterinary teaching hospital over a 13-month period for various diagnostic and surgical procedures. The facts that the horses presented are from different farms and were seen over a long period of time and that MRSA is a very uncommon equine isolate suggest that the probable source of this organism was the human caregivers. However, the exact mode of transmission is unknown. To our knowledge, this paper is the first publication on MRSA strains as a cause of a nosocomial epidemic in an animal hospital.
MATERIALS AND METHODS
The data presented here are for 11 equine patients admitted to Michigan State University's Veterinary Teaching Hospital for various medical and surgical procedures between September 1993 and October 1994. The animals were discharged with no signs of infection; however, within 2 to 3 weeks following discharge, the horses were readmitted to the Veterinary Teaching Hospital with wound infections originating at the site of the therapeutic procedure. The therapeutic procedures included colic surgery (n ϭ 6), joint invasion (n ϭ 2), laryngeal hemiplegia (n ϭ 1), and soft-tissue invasion, i.e., vaccination (n ϭ 2). Samples were collected from the affected wounds and were submitted to the Bacteriology/Mycology Laboratory at the Michigan State University Animal Health Diagnostic Laboratory for bacterial isolation and susceptibility testing. The isolate common to all of the samples submitted was oxacillin (methicillin)-resistant S. aureus. These organisms were identified by conventional methods including Gram staining, tests for colonial morphology, tests for clumping factor, and tests for coagulase and urease activities and were also tested with the API STAPH IDENT system. Disk diffusion susceptibility testing was performed in accordance with NCCLS guidelines (23) . Oxacillin MICs were determined by a broth microdilution test method in accordance with NCCLS guidelines (22).
Because of the possibility that the equine isolates were of human origin, a request was made to the members of the equine medicine and surgery faculty and staff that they provide nasal swab specimens for culture in the hope of identifying a potential source. Only 5 of the more than 20 potential candidates consented to providing nasal swab specimens for culture. From these cultures, four MRSA isolates were isolated from specimens from three individuals. To determine the commonality of the isolates, the human and equine isolates were sent to both the University of Iowa and North Carolina State University for phenotypic (biotypes and antibiograms) and genomic studies in a blind, coded format.
At the University of Iowa, genomic DNA was prepared for restriction fragment analysis by modifications of previously published techniques (25) and was then digested with SmaI (New England Biolabs, Beverly, Mass.). Pulsed-field gel electrophoresis (PFGE) was performed on the CHEF-DR II apparatus (BioRad, Richmond, Calif.) with the following: 0.5ϫ TBE (Tris-borate-EDTA), 1% agarose, a temperature of 13°C, and 200 V for 24 h with a switch interval ramped from 10 to 90 s. The investigators at North Carolina State University compared colony morphologies on four different medium types (Trypicase soy agar [TSA], P agar, 5% sheep blood plus TSA, and 5% horse blood plus TSA). The genomic DNA was prepared for PFGE by modifications of previously published techniques (12) and was then analyzed with the restriction enzymes SmaI and EagI (New England Biolabs). The fragments from the digest were separated in the agarose gel slab by using the CHEF-DR II (Bio-Rad) PFGE unit with the following: 0.5ϫ TBE, 1% agarose, a temperature of 13°C, and 200 V for 22 h with a switch interval ramped from 15 to 55 s.
RESULTS
A total of 15 MRSA isolates were collected and analyzed by both laboratories. Eleven of these were from equine patients and four were from the surgical and technical staff of the equine hospital. Of the 15 isolates analyzed, 12 were betahemolytic and three were gamma-hemolytic ( Table 1) . One of the people who tested positive for MRSA possessed two phenotypically different isolates. One of these was beta-hemolytic and the other was gamma-hemolytic. Two other people possessed an MRSA isolate. One person had a beta-hemolytic strain, whereas the other person possessed a gamma-hemolytic strain. One of the 11 equine isolates was gamma-hemolytic, while the other 10 isolates exhibited beta-hemolysis. The results from the susceptibility profiles (Table 2) indicated that the beta-hemolytic isolates had the same antibiogram, as did the gamma-hemolytic isolates. By the disk diffusion test, all of the isolates were categorized as being susceptible in vitro to amikacin, cephalothin, ciprofloxacin, clindamycin, vancomycin, and imipenem. All isolates were considered to be resistant to ampicillin, cefoxitin, ceftiofur, erythromycin, gentamicin, kanamycin, penicillin, tetracycline, and trimethoprim-sulfamethoaxzole, with four exceptions. One equine isolate had an intermediate zone size when it was tested against ceftiofur, and all three gamma-hemolytic isolates had intermediate zone sizes when they were tested against oxacillin. Oxacillin resistance was confirmed by determining the MICs for all 15 isolates. For the 12 beta-hemolytic isolates, MICs were 4 to 16 g/ml, and thus, their resistance was confirmed. The MICs for the three gamma-hemolytic isolates ranged from 1.0 to 2.0 g/ml, and they would thus be considered susceptible by the broth microdilution test method.
Results from the University of Iowa concluded that, on the basis of restriction enzyme analysis of genomic DNA by PFGE, one major PFGE type (type B) was identified in all 15 isolates (Fig. 1, lanes 1 to 12, 15, 17, and 19 ). Isolates were considered to be the same strain if all bands matched, subtypes of the same strain if the patterns differed by one to three bands, and dif- 
a AN, amikacin; AMP, ampicillin; FOX, cefoxitin; CF, cephalothin; CIP, ciprofloxacin; XNL, ceftiofur; CC, clindamycin; E, erythromycin; GM, gentamicin; K, kanamycin; OX, oxacillin; P, penicillin; TE, tetracycline; SXT, trimethoprim-sulfamethoxazole; VA, vancomycin; IMP, imipenem; S, susceptible; R, resistant.
b In accordance with NCCLS guidelines, an S. aureus isolate resistant to oxacillin should also be considered resistant to all other ␤-lactams. b N.C. State Univ., North Carolina State University. All isolates had the same digest pattern except isolate 8, which had a minor variation. The colonial morphology and hemolysis of isolates 6, 13, and 15 were different from the rest. ferent strains if the patterns differed by more than three bands (25) . Two subgroups of type B were noticed. Isolate 8 (Fig. 1,  lane 10 ) was labeled type B2, whereas all other isolates were considered type B1 (Table 1) . Although the subtypes were not identical, they should be considered the same strain for epidemiological purposes because of the variation in only one to three lanes. The isolates in lanes 13, 14, 16, 18, and 20 in Fig.  1 represent additional equine isolates collected during the earlier part of the same time period and under the same circumstances as those for the isolates in the other lanes (Fig. 1, lanes  1 to 12, 15, 17, and 19) . However, these isolates were not submitted to North Carolina State University for comparison, and thus, data for these isolates are not included in this report other than as illustrated in these lanes. Lanes 21 to 24 of Fig.  1 represent unrelated MRSA isolates that served as controls.
At North Carolina State University, a comparison of colony morphology and hemolysis on the four different kinds of media indicated that there were two groups of isolates. Twelve of the 15 isolates were in group 1, while 3 isolates made up group 2. Group 1 isolates were beta-hemolytic. The colony morphology of group 2 isolates (isolates 6, 13, and 15) was different from that of group 1 isolates, and group 1 isolates were gammahemolytic (Table 1) . However, results from the SmaI digestion indicated that all 15 strains were very closely related. These isolates were considered members of the same strain because their digestion patterns differed by no more than one band. Because of some minor variations in patterns (isolate 8) and colony morphology (isolates 6, 13, and 15), digestion with EagI was done for greater delineation of the isolates and to confirm their similarities. As with the results from the University of Iowa, the pattern for isolate 8 varied compared to the patterns for the other strains (Fig. 2) .
DISCUSSION
The animals in this study were originally brought from a variety of locations throughout the upper Midwest to the Michigan State University Veterinary Teaching Hospital for evaluation of a variety of conditions. The most common complaint upon arrival was acute abdominal crisis requiring surgery (55% of the horses). Two patients had surgery involving joints, and the remaining three horses were treated for medical conditions that involved soft-tissue invasion with needles. None of the patients had signs of infection on initial presentation. Within 2 to 3 weeks of initial treatment, they were readmitted for evaluation of surgical or therapeutic site infections. From routine diagnostic cultures, an MRSA isolate was identified in all of the samples submitted.
Because MRSA had rarely been isolated in the veterinary diagnostic bacteriology laboratory and never from a horse, the isolation of this organism from several horses over a period of a few months prompted an investigation as to a potential source. In previous reports on the isolation of MRSA in a veterinary environment (8, 9, 13) , it was concluded that the isolates were not of animal origin and were most likely from humans. Attempts were therefore made to identify a possible human source of the organisms. In humans, S. aureus has frequently been isolated from the anterior nares and the vaginal, rectal, and perineal regions (20) . None of the equine staff members were required to submit to a sample for culture; however, five did consent to provide a nasal swab specimen for culture. Two of the five cultures were negative for MRSA. Four MRSA strains were isolated from three of five individuals who consented to provide samples for culture. The PFGE comparison performed in two laboratories indicated that the equine isolates and the human isolates were most likely from the same source.
It is known that S. aureus strains, as a species, may show considerable polymorphism in pulsed-field patterns (2, 26) . However, although MRSA isolates do not have identical pulsed-field patterns, they show more similarity to each other than S. aureus isolates as a whole show to each other. In viewing the pulsed-field patterns for the isolates in this study, it was concluded that all of the isolates were from a common group or lineage and that, for epidemiological purposes, all of the isolates should be considered representatives of the same strain. The similarities of the equine and human isolates described in this report are clear compared to the similarities of the control MRSA strains.
Although PFGE cannot always distinguish among isolates with differences in colony type and antibiograms, we can speculate, when looking at all of the compiled data, that among these isolates there is a subdivision which is indicative of a separate clonal status. Alternatively, the results presented above may be suggestive of a clonal variation within a population. This can also be seen when viewing the oxacillin MIC results for the 15 isolates included in this study. The betahemolytic strains are resistant to oxacillin (MICs Ն 4 g/ml), whereas the gamma-hemolytic strains appear to be susceptible (MIC range, between 1 and 2 g/ml). However, the PFGE results indicate the similarities of all of the isolates, and, thus, it is concluded that they are the same strain from a single source. In other words, while there was some limited phenotypic variation among the 15 isolates, by macrorestriction patterns they appeared to be the same.
On the basis of our data and the temporal patterns associated with the infections, it is concluded that all of the isolates were members of a very closely related group which appears to have originated from a common source. The initial source of this outbreak is probably of human origin, since the horses originally arrived at the hospital over a 13-month period from a variety of locations and with no apparent staphylococcal infection at the time of arrival. It is difficult to know how many other horses were seen at the teaching hospital during this time interval. It is also difficult to know how many, if any, of those horses developed MRSA infections but were treated by the referring veterinarian without any further contact with the Veterinary Teaching Hospital. A number of people potentially had access to the horses during the horses' initial visits. Among the three individuals from whom four MRSA strains were isolated, there was no common relationship between the affected patients and these staff members, except that the staff members all worked in the same area in which the patients were seen. The transmission could have spread from human to horse during any of the invasive procedures or during care throughout the animal's hospital stay. In humans, staphylococci are usually transmitted from person to person via contaminated hands (21) . All of the horses involved in this study received hands-on treatment. However, since samples from all personnel involved with the horses were not cultured, the specific mode of transmission is unclear since many of the patients were examined and treated by different members of the hospital staff and samples from only a small percentage of the Veterinary Teaching Hospital equine staff were cultured.
